In most of the research on software testability, functional correctness of the software has been the focus while the evidence regarding testability and non-functional properties such as performance is sporadic. The objective of this study is to present the current state-of-the-art related to issues of importance, types and domains of software under test, types of research, contribution types and design evaluation methods concerning testability and software performance. We find that observability, controllability and testing effort are the main testability issues while timeliness and response time (i.e., time constraints) are the main performance issues in focus. The primary studies in the area use diverse types of software under test within different domains, with realtime systems as being a dominant domain. The researchers have proposed many different methods in the area, however these methods lack implementation in practice.
INTRODUCTION
Software testability has been investigated in several different dimensions [8, 1, 32] . In a majority, if not all, of these invesPermission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. tigations on software testability, the functional correctness of the software has been or is assumed to be the focus. Little is known regarding what software testability issues impact non-functional properties.
In this paper, we investigate the relationship between software testability and another important non-functional property: software performance. Software performance is defined as the degree to which a system or component accomplishes its designated functions within given constraints, such as speed, accuracy, or memory usage [29] . Software performance is a critical concern in an embedded systems environment where resources are limited. We have performed an extensive systematic mapping study and have categorized the available evidence into testability and performance issues, types and domains of software under test, research type, contribution type and design evaluation methods used in relevant papers.
Our results show that conventional testability concerns of observability, controllability and testing effort are also major issues when software performance is being investigated. A bulk of software performance issues deal with the time factor (timeliness and response time). Different types of software under test are used such as general, control software and communication protocols, along with others. A variety of domains are represented with the domain of realtime systems being mostly represented. However, despite the presence of number of methods on testability and performance concerns, few papers evaluate them in practice.
METHOD
We have formulated the following research questions: RQ1: What are the different software testability and software performance issues addressed in existing studies? RQ2: What type of software under test is used and what domain is in focus in research on software testability and software performance? RQ3: What type of research, contribution type and design evaluation methods are represented in existing studies?
We finalized four search terms: software testability, software testable, software untestable and software non testable.
These search terms were used separately in the following databases: Springer Link, IEEE Xplore, ACM digital library, ISI web of science, Scopus, ScienceDirect and Wiley Online Library. We searched until January 2014 and did not put restriction on starting year of publication. Full details about the search procedure, as well as the different steps in study selection used, are available in [12] . As a last step in study selection, we read full-text of 80 papers and finally reached a set of 26 primary studies (having 3 papers recommended by an subject expert). The titles of these primary studies appear in bold in 'references' section.
We did not assess the quality of included studies using any pre-designed quality instrument. The data extraction was done by four authors [12] .
MAPPING OF STUDIES
In this section, the individual primary studies are mapped in different dimensions to answer our RQs.
Issues of importance
We have divided the software testability issues discussed in our set of primary studies into following categories: Observability (50%): the ability to observe output/internal states of a component or a software under test ( [21, 5, 4, 15, 20, 7, 31, 9, 27, 30, 3, 19, 28] ); Controllability (46.1%): the ability to control input and execution of a component/software under test as required for testing ( [21, 5, 15, 20, 7, 27, 30, 3, 19, 28, 26, 23] ); Automation (7.7%): the extent to which software testability aspects can be automated (e.g., using an automated testing framework and built-in tests) ( [24, 18] ); Testing effort (30.8%): the ability to reduce testing effort and to promote ease of testing; ( [31, 27, 26, 11, 6, 14, 22, 10] ). Miscellaneous issues (15.4%): issues concerning testability and requirements traceability ( [2] ) , testability in general ( [16, 17] ) and testability verification ( [34] ).
We have further divided the software performance issues discussed in our set of primary studies into following categories: Response time (23.1%): the elapsed time between request generation and system response ( [18, 11, 14, 22, 10, 2] ); Timeliness (46.2%): the ability of a system to meet deadlines ( [4, 15, 20, 31, 27, 30, 3, 19, 28, 26, 23, 16] ); Memory usage (11.5%): the constraint on a function to be performed within specified memory limits ([9, 18, 2]); Miscellaneous issues (26.9%): the issues concerning overall system performance ( [21, 5, 7, 24, 6, 17, 34] ). Figure 1 shows the frequency of software type used in different primary studies. A variety of software under test have been used by authors, with "general" category used in 9 out of 26 primary studies (34.6%). This category refers to no particular type of software under test but rather spans to any software type within its domain. 4 out of 26 primary studies (15.38%) used "control software" as software type while 3 studies (11.54%) used "communication protocol". "Miscellaneous" software type refers to suites of test objects used; 2 studies used such software type. Primary studies [2, 18] used two different types of software in their studies. (Figure 2 ). "Aerospace domain" is represented by 2 primary studies while a number of other domains are represented with single studies. It is also evident that testability and software performance is a concern for more recent domains of "autonomic software", "autonomous vehicles", and "mobile applications". 
Type of software under test and domain

Research type, type of contribution and design evaluation method
We categorized all papers in to research type classification given in [33] (Figure 3 ). Two major categories in types of research are "validation research" (9 papers) and "solution proposal" (7 papers) respectively. This clearly indicates that the research area lack implementation in practice, also indicated by only 6 papers in categories of "experience paper" and "evaluation research". We further categorized the primary studies in terms of their research contribution type [25] ( Figure 4) . The top most contribution facet is "method" with 20 papers, followed by "model" (7 papers) and "process" (6 papers). Only 6 papers represent "tool" and "metric" categories. This map shows that while researchers have proposed methods, they have not been supported by tools and metrics. We also categorized the papers with respect to their design evaluation methods [13] ( Figure 5 ). The top three design evaluation methods are informed argument (12 papers), architecture analysis (8 papers) and experiments (8 papers) . Few case studies (3 papers) and simulation studies (2 papers) have been conducted.
CONCLUSION
This paper is a mapping study that has gathered the avail- Figure 5 : Design evaluation methods of primary studies. able research evidence on issues of importance, types and domains of software under test, types of research, types of contribution and design evaluation methods concerning research on testability and software performance. For software testability, the most researched issues are controllability, observability and testing effort while timeliness and response time are the most researched software performance issues. The software testability issues found are conventional testability issues researched elsewhere while for software performance, factors others than time such as memory usage and throughput are underrepresented. Testability and performance is a concern in many variety of software under test and domains, indicating a potentially much wider applicability. However, the research area lacks large-scale industrial studies to evaluate the proposed methods in practice.
